This paper evidences one of the most relevant information gaps of climate change adaptation in Peru: its vulnerabilities. First, it contextualizes main national level impacts and progress made in adaptation measures definition from prioritized thematic areas. Then, it addresses the difficulty of finding tools to measure climatic risk level. For instance, this arises the need to focus on the vulnerability associated with climate change adaptation efforts. Therefore, a vulnerability index based on a multi criteria analysis is proposed, with three parts. In the first one, three-work axes were chosen following the fifth IPCC report guidelines: climatic phenomena dangers, territorial exposure, and subjects' vulnerability. The territorial area analysis was carried on at district level. With regard to subjects, five indicator groups were identified, and measurable variables were chosen: population; species and ecosystems; functions, services, and environmental municipalities' assets; economic, social and cultural assets; and infrastructure. Next, data was searched for each variable and it was systematized in a multi-criteria database. Finally, an index (0-15) was developed to calculate socioclimatic vulnerability of all the Peruvian District Municipalities. They were classified according to social, climatic, and socio-climatic vulnerability range. This facilitates a targeting instrument for public policies that can generate better climate change risk management and contributes to commitments fulfillment of the Sustainable Development Goals.
Introduction
Despite efforts in all countries and regions related to environmental policy, United Nations (UN) "Global Environment Outlook" reports warn about worldwide deterioration of the ecosystem overall state (Naciones Unidas, 2019) . "Since life appeared, about four billion years ago, never a single species by itself has changed the global ecology... Already our impact runs parallel to that of ice ages and tectonic movements" (Harari, 2015, pág. 88) . Therefore, urgent action on an unprecedented scale is essential to stop, reverse the situation and adapt to protect human and environmental health to maintain current and future integrity of global ecosystems. Sustainable Development Goals sought reflection in national and local plans, where concern for natural resources governance is increasing. A great responsibility befalls on objective number 13, related to mitigate and adapt to climate change (Naciones Unidas, 2015) . There are many differences in environmental effectiveness with the unsustainable production and consumption model idealized worldwide. Some of them are the high development gaps, the limited access to appropriate technologies, the scarce or null representation of future generations in negotiation tables, the fact that "the benefits of climate change mitigation remain fundamentally global and long-term, while their costs are local and immediate" (Tirole, 2016, pág. 221) . Therefore, population vulnerability monitoring requires effective mechanisms to focus efforts against environmental deterioration in Peru, one of the countries that could have the greatest impact. At international level, progress has already been made in standardizing mitigation measures monitoring. At local level, the challenge must be assumed in terms of adapting to the effects generated from alteration of averages, variability and extremes of indicators such as temperature and rainfall (MINAM -CENEPRED, 2013) . Peru does not have local disaggregated projections about these changes, although it has defined adaptation measures against risks but without considering adequate targeting in most cases. The objective of this study is to estimate a risk index for climate change adaptation in Peru based on a multicriteria analysis. It has departmental level distribution that takes into account information at district level of subjects that must adapt to climate change: population, species and ecosystems, functions, services and environmental assets, economic, cultural and social assets, and infrastructure. These are exposed to dangers coming from climatic phenomena of different origins. Coming next is a literature review on the state of the art of climate change adaptation, followed by a context analysis of information requirements for decision-making focalization. Likewise, the methodology proposes a multicriteria analysis, from which the main findings are presented. It allows reaching conclusions that aim to contribute for a better addressing of national adaptation strategies to climate change to promote sustainable development in Peru.
Literature Review
The problem of climate change has been discussed both internationally and nationally, due to the variety of causes that originate it. They include the anthropocentric action that has altered the world in unforeseen ways, turning the planet into a single ecological unit with several homogeneous elements (BID, CEPAL, 2014) (Valverde, 2014) . The climate change influence has been differentiated according to regions that have geographical and ecological characteristic features and that have certain behavior patterns resulting from common global elements (Leal, 2015) . Faced with this increasingly worrying reality, since 1988 work has been ongoing through the Intergovernmental Panel on Climate Change (IPCC). Since then, a series of reports were produced where the state of scientific, technical and socioeconomic knowledge about the change is shared, as well as its causes, repercussions and possible responses (IPCC, 2014) . Among these evidences, the origin of climate change was identified as occurring largely by human activity (Schmidt-Thomé, Ha Nguyen, Long Pham, Jarva, & Nouttimäki, 2015) . These changes have had serious consequences that increase the world's disaster risk level (GIZ, 2014) . The magnitude of the challenges the world faces today is evidenced by the recent statistics on extreme events (C. Glavovic & P. Smith, 2014) , so one of the great challenges in the 21st century is to develop adaptive capacities. Adaptation to climate change effects consists of adjusting natural or human systems in response to real climatic stimuli anticipating its effects, which will enable to moderate damage and to take advantage of opportunities (IPCC, 2001) . According to IPCC 5th
Published by ECSDEV, Via dei Fiori, 34, 00172, Rome, Italy http://ecsdev.org Asessment Report, different options to develop and measure adaptation strategies (IPCC, 2014) have been worked. It has become one of the reference points for elaboration of different national strategies on climate change. Likewise, it is important to point out that over time adaptation key concepts have evolved. Thus, although risk reduction has always been considered as the main adaptation objective, about 10 years ago risk consisted of threat and vulnerability (Naciones Unidas, 2008) , while today, as mentioned in the IPCC report, risk consists of hazards, exposure and vulnerability (IPCC, 2014) . On the other hand, about adaptation options choice will greatly depend on risks and vulnerabilities identification (GIZ, 2014) . Thus, the report mentions three adaptation action categories: physical and structural, social and institutional. However, it also mentions as one of the pillars for successful adaptation implementation actions the need to have access to information, technology and financing (Christiansen, Schaer, Larsen, & Naswa, 2016) . At this point it is important to emphasize that the information contributes not only to adaptation implementation actions but also to develop tools that facilitate risk measurement to focus the proposed actions (Gohari, Javad, & Eslamian, 2015) (Mathew, Trück, Truong, & Davies, 2016) (Naswa, y otros, 2015) . This way, measurement forms have been developed for different purposes that range from estimating individuals and communities' vulnerability to making comparison between countries (Brooks, Nick, 2014) . However, the report points out the challenge that still exists to find the appropriate measurement and the need to have a monitoring and evaluation component as part of adaptation capacities development (Bouroncle, Rodríguez, & Florián, 2016 ) (Climate -eval, 2015 ) (Smith, Cuccillato, & Anderson, 2014) .
Context
As seen, climate change has been generating impacts on natural and human systems both in continents and oceans (IPCC, 2014) , for which different nations are implementing adaptation and mitigation measures. Such is the case of Central and South America where specifically adaptation measures are applied based on ecosystems that include protected areas, conservation agreements and community management. For its part, Peru, with its natural characteristics, constitutes a very exposed territory to climate change impacts, which generates great vulnerability not only internally, but also in the ecosystems of the geopolitical environment (MINAM, 2016) . The Peruvian government has assumed international commitments to deal with the adverse climatological effects for which it has developed various national and sectoral documents that will be briefly reviewed below. In 2014, the National Climate Change Strategy (ENCC) was elaborated. It detailed the national context and presented the objectives and actions to be taken to face climate change. Likewise, it established the synergies and management tools required to make the strategy operational. This document represented the fulfillment of the Peruvian State commitment to act against climate change in an integrated, transversal and multisectoral manner (MINAM, 2014) . Two years later, in 2016, the Third National Communication was prepared in which the progress made on climate change was reported since 2010, when the Second National Communication was presented. The third communication emphasized the advance of the ENCC formulation, the development of mitigation measures (NAMA), the establishment of "Infocarbon" and the expansion of the hydrometeorological stations network for climate observation, among others. Likewise, the communication highlighted the fulfillment of international commitments with the presentation, in 2015, of Nationally Determined Contributions (NDC), which represented a great step for the country in terms of climate change (MINAM, 2016) . In 2017, with the objective of preparing NDC's updating and formulating the National Adaptation Plan to Climate Change (NAP), the Multisectorial Working Group (MWG) was created. This constituted a strategic process, both for mitigation and adaptation, to integrate decision-making of various environment stakeholders. The MWG developed its work on adaptation based on five priority thematic areas: forests, agriculture, fisheries and aquaculture, health and water. For them it defined goals, products and a total of 91 adaptation measures with their respective indicators (151 indicators) . Likewise, and in parallel, the Framework Law on Climate Change (No. 30754) was given and approved. The discussion of its Regulation was initiated, which included the M & E system for climate change adaptation. Although in Peru M & E systems have only been developed for programs and projects, the National Center for Strategic Planning (CEPLAN) is in the initial process of designing M & E systems for national public sector. Even so, within the framework of NDC, it has been necessary to make a proposal for a M & E system in order to have tools to follow up the proposed adaptation measures. That is why the M & E system objectives were established and based on competent sectors' existing information However, the reality that decision makers found was lack of complete and up-to-date databases that could allow to know the country's current situation and to make detailed climate change projections. This information gap became more relevant given the need to have tools to facilitate targeting of adaptation actions. Although adaptation measures were already available, it was not clear which regions and districts had higher vulnerability level and, therefore, higher urgency level for adaptation actions implementation. Thus, the need arises to develop tools for estimation of each district's vulnerability index and to identify to which climatic phenomena it is most exposed. To this end, the starting point will be the subjects exposed to climate change impacts and from which the index will be built. These are population; livelihoods; species or ecosystems; environmental functions, services and resources; infrastructure; or economic, social or cultural assets (IPCC, 2014) . The construction of the index that follows started with data search to identify, the vulnerability level for each district, based on the aforementioned subjects.
Methodology
The methodology of the work carried out during the investigation allows for the collection and analysis of relevant information for a better understanding of different time of vulnerabilities against adaptation to climate change. In this sense, we create proxy variables to six types of vulnerabilities. First, the exposure to natural disasters will be translated as the summation of the binary , 2017) if the district has one or more socio-environmental conflicts, the variable will take the value of two, while if it is not due to environmental reasons, it will be equivalent to one. If there is no conflict, that variable will take the value of zero. Therefore, the population vulnerability will reach values between zero (0) and three (3) for each district of Peru with data for 2013. On the vulnerability of species and ecosystems, it will be composed by the sum of the accumulated deforestation rate from 2001 to 2014 1 and the number of Natural Protected Area (ANP) in the district. The first variable, the number of ANP within its territory, will be obtained through an individual search of each ANP in the Peruvian National Service of Natural Protected Areas. It is worth highlighting that the district that has a greater number of ANP is Echarate (La Convención province, Cusco), so the variable takes a value between zero (0) and four (4). As the accumulated deforestation rate will be a percentage, it will take the value between zero and one. In this way, the vulnerability of species and ecosystems will range in between zero (0) and five (5).
In relation to the vulnerability of environmental functions, services and assets of the municipalities, this research uses again INEIs' fifth module of the National Registry of Municipalities (RENAMU). The following investigation uses the summation of two variables as a proxy: if the Municipality has an Environmental Office or Unit and if the Municipality has Disaster Risk Management instruments. As this variable reflects a vulnerability, when having said units and instruments reduces the vulnerability, its binary variables will have opposite values to the regular ones. That is, both variables take the value of one if the Municipality does not have such department or services and zero if it does. Thus, the environmental functions, services and assets of the municipalities will be between zero (0) and two (2). Furthermore, the vulnerability associated with economic, social and cultural assets will also be obtained from INEI's fifth module of the RENAMU. In this way, three variables build this variable. First, the agricultural area (which, being a percentage, oscillates between zero and one) will be used in the National Agricultural Census, CENAGRO 2012. Nevertheless, a proxy variable was constructed that will take the value of 1 (one) if the number of hectares of agricultural land is greater than the population of the district 2 and zero (0), if not. The second variable will be the binary (zero if no, one if yes) question if the Municipality carried out activities to encourage tourism in the district in 2016. Therefore, the economic, social and cultural assets will range between zero and two.
For the infrastructure variable, it will consist of the summation of three binary variables obtained in INEI's fifth module of its RENAMU: (i) if the Municipality received financing for infrastructure works and/or social programs in the district in 2016; (ii) if the Municipality has received transfers of social and productive infrastructure projects in 2016; and, (iii), if the Municipality administers health facilities that work in the district. Therefore, the infrastructure variable will have a range between zero (0) and three (3). As a result, the total vulnerability of the five previously defined subjects will add between zero (0) and fifteen (15). Moreover, once the socio-climatic vulnerability of all the districts of Peru has been calculated, the classification by ranges of vulnerability (social, climatic and socio-climatic) and data disaggregation by average population ranges of said districts will be done. This methodology has been constraint by data accessibility, so additional steps should be taken with the information provided. For instance, INEI's RENAMU has different modules but, according to the previously developed theoretical framework and literature review, the potential data for building each one of the proxies for vulnerabilities is certainly limited. Furthermore, the exposure to natural disasters is being measured by a proxy that excludes frequency and magnitude of the impact, as those variables are not in INEI's RENAMU.
It is important to know that the findings by vulnerability in the next part, will present potential correlations by looking to the data trends between the vulnerabilities' proxies, average district population, and average district agricultural area. Nevertheless, due to limitations on the scope of the investigation, no regression has been run, which implies that none of the correlation claims have been verified (that is why they are mentioned as "apparent").
Findings
Below is a separate analysis of each subject that has made a vulnerabilities analysis against adaptation to climate change. 3
Exposure to Natural Disasters
As previously explained, exposure to natural disasters ranges from zero (0) to fourteen (14). The dispersion by department is alarming, being that the department of Apurímac is (in a district average) exposed to 7.51 climatic phenomena, Madre de Dios to 7.0, and Cusco to 6.9. On the other hand, the department of Callao has an average climate exposure of 1.83, Lambayeque of 2.02, and Lima of 2.55. While the departments with greater exposure to average climatic phenomena are found in the regions of the Published by ECSDEV, Via dei Fiori, 34, 00172, Rome, Italy http://ecsdev.org highlands, high forest, and low jungle, those with lower values are mostly from the coast. In a more disaggregated manner, 8 of the 9 districts with the greatest exposure to climatic phenomena are found in departments located in the Peruvian highlands. These districts have an exposure of thirteen to more diverse climatic phenomena of great impact for communities, infrastructure and natural resources, with different combinations of these phenomena. For example, while some districts are affected by hailstorms and snowfalls (for example, Watermelon in the province of Sandía, Puno department) and others were exposed with floods, thunderstorms, alluvium and heavy rains (Chincheros in Chincheros, Apurímac), others they were both (Juan Espinoza de Medrano in Antabamba, Apurímac). On the other hand, there were 112 districts that did not have any exposure to weather events during 2017. Most of these districts were found on the Peruvian coast, particularly in the departments of Lima, Ica, Lambayeque, Ancash and La Libertad, despite of having some exceptions in the mountains (Cachimayo in Anta, Cusco) and in the jungle (Capisapa in Picota, San Martín). The majority of districts in Peru (63.94%) are exposed to between one five climatic phenomena, while 26.84% is between six and nine. More alarmingly, 7.20% of the districts of Peru are exposed to ten or more climatic phenomena. Likewise, the natural disaster to which the districts are most exposed (illustrated by 61%) , 248 (14.29%) and 303 exposed (17.45%), respectively. As detailed previously, the population vulnerability (where the subject is the population) is measured by two variables in particular: the incidence of monetary poverty and social conflicts (value of one) or socio-environmental (value of two). The department with the highest average population vulnerability was Madre de Dios with 2.05, while other departments whose average population vulnerability stands out for their high values are Ayacucho (1.45), Junín (1.38), Puno (1.28), Apurímac (1.18) and Loreto (1.10). It is worth remarking that most of the districts located within these departments with high population vulnerabilities are in located again in the highlands, high forest and, low jungle. On the other hand, the departments with a lower average population vulnerability were Ica (0.08), Callao (0.11), Tumbes (0.14) and Tacna (0.28), which have a majority of districts in the natural region of the coast. Likewise, the districts with the greatest population vulnerability are those that, due to the weight of the variables, have at least one socio-environmental conflict within it. Therefore, what really differentiates the ten most vulnerable districts are their poverty rates. 4
The first result that stands out is that 42.93% (741) of the districts have a population vulnerability lower than 0.5, which indicates that they had no conflict of any kind and their monetary poverty rates 5 are comparatively lower. In contrast, 31.81% (549) of the districts have a population vulnerability of between 0.5 and 1, demonstrating absence of conflict but high rates of monetary poverty. Similarly, 10.5% of the districts had between 1 and 1.49 of population vulnerability; 3.65%, between 1.5 and 1.99; 6.2%, between 2 and 2.49; and 5.5%, between 2.5 and 3. If divided by population range, there is no apparent significant correlation of any kind between the population vulnerability and the district population, while there may be a hyperbolic correlation with the district agricultural area. In other words, population vulnerability is lower in the extremes of agricultural area (in hectares) district, while hyperbolic growth in intermediate values.
The vulnerability of species and ecosystems was previously defined as the the sum of the accumulated deforestation rate from 2001 to 2014 and the number of Natural Protected Area (ANP) in the district. Despite having 1,474 districts that did not accumulate any level of deforestation between 2001 and 2014, this should not be a positive indicator, since that most of them did not have forests of any kind in the first place. 6 In this sense, the districts that had greater vulnerability of species and ecosystems were the districts of Echarate (province of La Convención, department of Cusco), Tambopata (Tambopata, Madre de Dios), Lieutenant Manuel Clavero (Putumayo, Loreto) and Moyobamba (Moyobamba, San Martín), with 4.0133, 3.0079, 3.0038 and 2.2054, respectively. There are 1336 districts that do not have any type of vulnerability of species and ecosystems, as they do not have an ANP neither an accumulated rate of deforestation at all. The vulnerability of species and ecosystems demonstrates certain interdepartmental disparities. On the one hand, Madre de Dios has an average vulnerability of species and ecosystems of 1.12; Loreto, with one of 0.48; Pasco, with one of 0.46; Ucayali, with one of 0.35; and San Martín, with one of 0.35. It should be noted that all regions with high levels of such vulnerability are found in the high forest and low jungle of Peru, with the exception of Pasco, which is predominantly found in the highlands. On the other hand, Tacna and Moquegua have a virtual zero vulnerability, while Huancavelica has 0.0004 and twelve other departments do not reach the value of 0.10. The distribution of districts by their vulnerability of species and ecosystems has a 16.35% with a least one, while the remaining 6.68% in between one or more. Also, there is no apparent correlation between the vulnerability of species and ecosystems, with the average district population, nor with the average agricultural area (in hectares).
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Regarding the environmental functions, services and assets of the Municipalities, it was defined as the lack of an Office or Environmental Unit and of instruments of Disaster Risk Management. Therefore, for each service that is missing, the variable of functions, services and environmental assets takes the value of one, being able to reach up to two in total. For this indicator, disparities are still found, although with less dispersion. For example, while Amazonas has a value of 1.33, Arequipa a 1.23 and Áncash a 1.18, departments like Madre de Dios have a 0.4, Callao a 0.5, and Ucayali a 0.5. The distribution between the natural regions and the departments by environmental functions, services, and average assets does not show a specific concentration.
In terms of the distribution of the number of districts according to their vulnerability of environmental functions, services and assets, 28% of the districts did not have any lack of functions, services and assets (that is, they provided both), while 51% had only one of them and 21% had absence of both. It also appears that the higher the average population, there is an apparent less lack of functions, services and environmental assets. The economic, social, and cultural assets of the municipalities were approximated through the sum of two binary variables: if the agricultural area is greater than the population; and if the municipality carried out activities to encourage tourism. As in the previous variable, the economic, social, and cultural assets do not show a high dispersion among departments but remain close to the average. Madre de Dios, Pasco and Ucayali show the highest values of this indicator (with a 1.30, 1.22, and 1.21, respectively). As a contrast, Callao, Cajamarca, and Loreto have figures of 0.67, 0.71, and 0.74, respectively, the lowest assets in Peru. The case of lower assets is again in regions predominantly of the highlands, high forest, and low jungle. Moreover, 19.7% of the districts have zero economic, social and cultural assets, while 69.41% have one of these assets, and 10.89% have two assets. Additionally, while the average population seems to have no correlation with economic, social and cultural assets, the average district agricultural area apparently has a positive correlation. In other words, the greater the average agricultural area, apparently, the greater the amount of economic, social and cultural assets. However, this might be due to the fact that one of the components of the variable in question is that the district has an agricultural area (in hectares) greater than the population, with which the assets that comply with them will have at least one insured in its total.
In the case of the infrastructure vulnerability of the Municipalities, three questions are being added: whether it received financing for infrastructure and/or social programs in the district, whether it received transfers for social and productive infrastructure projects, and whether they had health infrastructure. While Ucayali is the largest by far with a value of 2.14, while Piura and Madre de Dios are in a second (with a 1.71) and third place (with a 1.70), respectively. On the other hand, Tacna is the only department with an average infrastructure vulnerability below one (0.92), while Lima (1.02) and Moquegua (1.05) also had low values, all from the coast natural region. Moreover, 15.55% of the districts did not have infrastructure of any kind (within the definition mentioned above), 37.04% had one in infrastructure, 43.72% with two and only 3.69% with three. In addition, the infrastructure vulnerability has an apparent positive correlation with the average district population and with its average agricultural area. In other words, the higher the average population, the greater the infrastructure seems and vice versa, as with the average district agricultural area. The disaggregation by vulnerability by average population is presented in Figure 1 , shows the sum of the population, species and ecosystems, environmental functions, services and assets, economic, social and cultural assets, and infrastructure vulnerabilities. Out of this figure, the greater the district population, the lower the absence of functions, services and average environmental assets, and the lower are the economic, social and cultural assets. A hypothesis to be tested is that districts with the largest population may be those that have more relative budgetary resources and may offer a series of services such as environmental and/or tourism promotion. However, there is no apparent correlation between the district population and the average population vulnerability 7 , nor with the vulnerability of species and ecosystems 8 , nor with the average infrastructure, nor with the total average vulnerabilities. 9 In the case of exposure to natural disaster by district population, the data shows a hyperbolic trend, with lower values at both ends of the population values. In addition, the distribution shows that the districts that have between 5,000 and 10,000 inhabitants have greater exposure to average natural disasters (on average, 5.12). In a similar way, it can be observed that from 10,000 inhabitants per district onward, the exposure to average natural disasters is reduced to great strides. This could be explained by large migratory movements of population towards districts with less exposure to climate changes. Finally, Madre de Dios is the department with the highest total of vulnerabilities, reaching 6.57. Other departments with large values of this variable were Ucayali with a 5.27, and six departments (Apurímac, Ayacucho, Loreto, Pasco, Piura and Puno) with values between 4.5 and 4.7. On the other hand, the lowest values were the departments of Callao, Tacna, Tumbes, Ica, and Lima with 2.44, 3.14, 3.24, 3.25, and 3.30, respectively. As it happened with some of its components, although the highest values were found primarily in departments of the highlands, low jungle, and high forest (with the exception of Piura), the lowest values were found in coastal departments.
Conclusions and Final Remarks
One of the main requirements to implement climate change adaptation measures is to ensure that the vulnerability of these risks can be measured to focus on the efforts of the different stakeholders involved. In this sense, a vulnerability index based on a multi criteria analysis was developed in three parts. In the first one, threework axes were chosen following the fifth IPCC report guidelines: climatic phenomena dangers, territorial exposure, and subjects' vulnerability. The territorial area analysis was carried out at the district level to understand population exposure. With regard to subjects, five indicator groups were identified, and measurable variables were chosen:
Published by ECSDEV, Via dei Fiori, 34, 00172, Rome, Italy http://ecsdev.org population; species and ecosystems; functions, services, and environmental municipalities' assets; economic, social and cultural assets; and infrastructure. Next, data was searched for each variable and it was systematized in a multi-criteria database. Finally, an index (0-15) was developed to calculate socio-climatic vulnerability of all the Peruvian District Municipalities distributed by department. They were classified according to social, climatic and socio-climatic vulnerability range to understand how many problems they have to face. As it was mentioned, it is required to do future research that using this same framework could be based on running cross-sectional regressions among the multiple variables found on this variable. With additional resources, the same dataset could be found for all the years where the data sources were found at and potentially run panel data regressions to complement the former ones. Therefore, while it is not possible to find precise and disclosed scenarios for Peru, this facilitates a targeting instrument for public policies that can generate better climate change risk management and contribute to the Sustainable Development Goals commitments fulfillment.
